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Abstract
Objective: To investigate associations between nutritional and non-nutritional
variables and Fe status parameters, i.e. serum ferritin and soluble transferrin
receptors (sTfR).
Design: Cross-sectional design. Fe status parameters were determined on a fasting
venous blood sample. Nutritional variables were assessed using a 2d food record
and non-nutritional variables by a general questionnaire. A general linear model was
used to investigate associations between the variables and Fe status parameters.
Setting: Region of Ghent, Dutch-speaking part of Belgium.
Subjects: Random sample of 788 women (aged 18–39 years).
Results: Median (interquartile range) ferritin and sTfR were 26?3 (15?9, 48?9) ng/ml
and 1?11 (0?95, 1?30) mg/l, respectively. BMI and alcohol intake were positively
associated and tea intake was negatively associated with serum ferritin. Women who
used a non-hormonal intra-uterine device, who gave blood within the past year or
who had been pregnant within the past year had lower serum ferritin values than
their counterparts. Significant determinants of sTfR were smoking habit and
pregnancy, with higher values for non-smokers and women who had been
pregnant within the past year.
Conclusions: The present study indicates that contraceptive use, time since last
blood donation, time since last pregnancy, BMI, alcohol and tea intake are
determinants of Fe stores, whereas smoking habit and time since last pregnancy
are determinants of tissue Fe needs. When developing strategies to improve Fe
status, special attention should be given to women who use a non-hormonal
intra-uterine device, gave blood within the past year and had been pregnant
within the past year.
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Women
Adult women of childbearing age are at increased risk of
Fe deficiency because of high Fe requirements due to
menstrual blood losses or pregnancy(1). According to an
epidemiological study on Fe intake and Fe status carried
out in 2002 at Ghent University, almost 20 % of young
adult women were Fe-deficient (defined as serum ferritin
,15mg/l and Hb$12 g/dl)(2).
Body Fe content is maintained by a balance of Fe
absorption and Fe losses. Since the body cannot actively
excrete Fe, body Fe content must be regulated at the
point of absorption. Fe stores and erythropoiesis are the
main host-related factors that influence Fe absorption(3,4).
Apart from these host-related factors, the bioavailability
of Fe depends also on its chemical form (haem Fe is
better absorbed than non-haem Fe) and the presence of
enhancers (e.g. vitamin C) and inhibitors (e.g. phytates)
in the diet(4,5). How this regulatory process is carried out
on the molecular level is complex and still incompletely
understood to date. In any case, this regulatory system
of the body is limited and, beyond a critical point, Fe
deficiency will develop(1).
In the present paper, the associations between nutri-
tional and non-nutritional variables and parameters of Fe
status, i.e. serum ferritin and soluble transferrin receptors
(sTfR), are investigated in young adult women, as
recommended by the Technical Consultation on the
Assessment of Iron Status at the Population Level and
others(6,7). A better understanding of these determinants
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can be useful in developing strategies to improve Fe
status in this particular group of the population.
Materials and methods
Study design
An epidemiological study on Fe intake and Fe status in
young adult women (aged 18–39 years) was carried out in
2002 in Ghent, a medium-sized city (229000 habitants) in
the Dutch-speaking part of Belgium. Four thousand women
were randomly selected from the population register of
Ghent and were invited by postal mail to participate; 846
women out of 3480 (24%) eligible women were included in
the study. Non-eligible women were those who were
pregnant (n 37), had moved (n 32), did not speak Dutch
(n 9), were not able to come to the research centre (n 4) or
were not able to volunteer within the envisaged period of
the field work (n 14). Four hundred and twenty-four invi-
tation letters were declared undeliverable by postal services
and 2634 subjects were not prepared to participate. How-
ever, in the present study, only those participants were
included for whom a blood sample was available (n 788).
The overall set of instruments used in the epidemio-
logical study were: a newly developed and validated
computerized Fe intake assessment tool(8); an estimated
2 d food record (FR); a general questionnaire; a food
knowledge questionnaire; and a fasting blood sample.
Weight (kg) and height (m) were recorded under stan-
dardized conditions(9). BMI was calculated as the ratio of
weight to the square of height (kg/m2). Data used in the
present paper are based on the blood sample, the general
questionnaire and the FR. Also, weight and height were
used in order to calculate BMI.
Blood sample
To determine Fe status, a fasting venous blood sample was
taken by a nurse at the home of the participant between
07.00 and 10.00hours. The blood was then immediately
transferred in cool boxes to the laboratory for analysis.
Serum C-reactive protein (CRP), ferritin and sTfR were
assayed by immunonephelometry on a BN II nephelometer
(Siemens Healthcare Diagnostics, Deerfield, IL, USA) after
the blood was clotted and centrifuged.
The general questionnaire and the 2d FR were com-
pleted by the participants at their homes. These two
instruments provided data on possible determinants (non-
nutritional and nutritional) of serum ferritin and sTfR.
General questionnaire
Possible determinants collected by the general ques-
tionnaire were: age; highest educational level (‘master
or bachelor degree’ and ‘primary or secondary school’);
smoking habit (current smoker yes or no); contraceptive use
(‘hormonal contraceptive’ (including oral contraceptives
and hormonal intra-uterine devices), ‘non-hormonal intra-
uterine device’ and ‘other or no contraceptive use’); physical
activity (‘health-enhancing physically active’, ‘minimally
active’ and ‘inactive’); time since last blood donation (‘,1
year’ and ‘.1 year or non-blood donor’); and time since last
pregnancy (‘,1 year’ and ‘.1 year or never been preg-
nant’). The level of physical activity was obtained by the
short form of the International Physical Activity Question-
naire that was incorporated in the general questionnaire(10).
Food record
Data on possible nutritional determinants were collected by
the 2d FR: mean intakes of energy (kJ/d), haem Fe (mg/d),
non-haem Fe (mg/d), Ca (mg/d), vitamin C (mg/d), alcohol
(g/d), tea (g/d), coffee (g/d), red wine (g/d), milk and milk
products (g/d), and meat, fish and poultry (g/d). Also data
on the intake of Fe-containing supplements were gathered
by the FR.
The FR was completed during two consecutive days.
Information on the foods eaten (including brand names if
possible) and the amount of food consumed was collected
through an open entry format. The estimated amounts (e.g.
pieces, coffee spoons) were then converted into weights on
the basis of a standard protocol(11). A nutritional software
package (BECEL; Unilever, Rotterdam, The Netherlands)
and different food composition tables (the Dutch food
composition tables(12,13), the Belgian food composition
tables(14,15) and the McCance and Widdowson food com-
position table(16)) were used for calculating nutrient intakes.
The nutrient content of the foods was given ‘as eaten’, thus
taking into account the changes due to preparation of the
foods. Haem Fe was calculated according to the method of
Monson et al.(17), assuming a haem Fe content of 40% in
animal tissues. Non-haem Fe was then calculated as the
difference between total Fe and haem Fe. Information on
the composition of the supplements was gathered mainly
from the instructions for use or the package that women
were asked to send with the diaries.
Statistical analyses
Statistical analyses were performed with the SPSS statis-
tical software package version 12 (SPSS Inc., Chicago, IL,
USA). Food and nutrient intakes were calculated as the
mean of the 2 d intake period for all individuals. Spear-
man correlations were determined to investigate the
associations of food and nutrient intakes, age and BMI
with serum ferritin and sTfR respectively. A Kruskal–
Wallis test was performed to investigate possible asso-
ciations of categorical variables with serum ferritin and
sTfR respectively. A general linear model was used to
investigate possible independent associations of nutri-
tional and non-nutritional determinants of the Fe status
parameters serum ferritin and sTfR. Therefore two models
were generated. The first model contained the non-
nutritional determinants and nutrient intakes, and the
second model contained the non-nutritional determi-
nants, energy and food intakes. Nutrient and food intakes
were not taken together in one model because of the
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collinearity between some nutrients and foods. The validity
of the models was checked by analyses of the residuals.
Since the distribution of serum ferritin was skewed, the
natural logarithm was used to increase normality. The x2
statistic was used to investigate whether the prevalence
of Fe deficiency differed in different categories of contra-
ceptive use, blood donation and pregnancy.
A P value of 0?05 was taken as the threshold for sta-
tistical significance.
Ethical approval
The study was approved by the Ethical Committee of
Ghent University Hospital.
Results
Table 1 shows the number of individuals for whom specific
data were available. Also, the table gives the median and
interquartile range (IQR) for continuous variables and the
proportion for categorical variables. Median age was 30
years and median BMI approximately 23kg/m2. Most
women had a master or bachelor degree and most women
were non-smokers. A hormonal contraceptive was the most
chosen contraceptive. Women were quite equally divided
across physical activity levels, with only slightly more indi-
viduals engaged in health-enhancing physical activity. Only
8% of the women gave blood within the past year and 10%
had been pregnant within the past year. Fe-containing
supplements were used by 9% of the women. Median
serum ferritin level was 26?3ng/ml and sTfR 1?11mg/l.
Median energy intake was 8251kJ/d (1972kcal/d), haem Fe
intake was less than 1mg/d and non-haem Fe intake almost
10mg/d. Median vitamin C and Ca intake was 87mg/d and
902mg/d, respectively. Median alcohol intake was 2g/d,
and red wine and tea intake was 0mg/d. Median intakes of
coffee, milk and milk products, and meat, fish and poultry
were respectively 220g/d, 217g/d and 107g/d.
Table 1 Characteristics of the study population: random sample of women aged 18–39 years (n 788) from Ghent, Belgium
Characteristic Number Median IQR Percentage
Ferritin (ng/ml) 770 26?3 15?9, 48?9
sTfR (mg/l) 783 1?1 1?0, 1?3
Non-nutritional determinants
Age (years) 788 30?0 24?0, 35?0
BMI (kg/m2) 759 22?8 20?8, 25?4
Education 762
Master or bachelor degree 62?7
Primary or secondary school 37?3
Current smoker 763
Yes 26?9
No 73?1
Contraceptive use 759
Hormonal contraceptive 52?7
Non-hormonal intra-uterine device 8?8
Other or no contraceptive use 38?5
Physical activity 736
Health-enhancing physically active 37?8
Minimally active 30?2
Inactive 32?1
Time since last blood donation 755
,1 year 7?5
.1 year or non-blood donor 92?5
Time since last pregnancy 733
,1 year 9?5
.1 year or never been pregnant 90?5
Fe-containing supplement use 614
Yes 8?5
No 91?5
Dietary intakes 615
Energy (kJ/d) 8251 6868, 9664
Energy (kcal/d) 1972?1 1641?4, 2309?8
Haem Fe (mg/d) 0?6 0?3, 1?0
Non-haem Fe (mg/d) 9?8 8?3, 12?0
Vitamin C (mg/d) 87?0 56?1, 130?7
Ca (mg/d) 902?2 674?5, 1172?9
Alcohol (g/d) 2?0 0?0, 12?5
Red wine (g/d) 0?0 0?0, 0?0
Coffee (g/d) 220?0 0?0, 379?0
Tea (g/d) 0?0 0?0, 125?0
Milk and milk products (g/d) 216?5 126?5, 356?5
Meat, fish and poultry (g/d) 107?0 63?0, 150?0
IQR, interquartile range; sTfR, soluble transferrin receptors.
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The median ferritin (ng/ml) and sTfR (mg/l) in each
category of education, smoking habit, contraceptive use,
physical activity, time since last blood donation, time
since last pregnancy and Fe-containing supplement use is
presented in Table 2. Significantly lower ferritin values
were found in women who used a non-hormonal intra-
uterine device, who gave blood within the past year and
who had been pregnant within the past year. sTfR was
significantly associated with smoking habit (lower values
for smokers) and pregnancy (higher values for women
who had been pregnant within the past year).
Based on the Spearman’s correlation coefficients,
significant positive associations were found between
ferritin and age (r5 0?124, P5 0?001), BMI (r5 0?116,
P5 0?002), haem Fe (r5 0?137, P5 0?001), alcohol
(r5 0?135, P5 0?001) and coffee (r5 0?091, P5 0?026)
intake. sTfR was positively associated with BMI (r5
0?079, P5 0?030) and negatively associated with Ca
(r520?086, P5 0?034), alcohol (r520?107, P5 0?008)
and coffee (r520?103, P5 0?011) intake.
Results of the general linear models with the natural
logarithm of ferritin and sTfR respectively as dependent
variables and the non-nutritional and nutritional deter-
minants as independent variables are shown in Table 3
(nutrient intakes as nutritional determinants) and Table 4
(energy and food intakes as nutritional determinants). In
Table 3, significant results were found for the association
between ferritin and BMI, contraceptive use, time since
last blood donation, time since last pregnancy and alco-
hol intake and for the association between sTfR and
smoking habit and time since last pregnancy. In Table 4,
the non-nutritional determinants significantly associated
with serum ferritin were the same as those in Table 3.
For sTfR, apart from smoking habit and time since last
pregnancy, BMI was also significantly associated. No
significant results were found between food intakes and
ferritin and sTfR respectively.
Figure 1 illustrates the prevalence of Fe deficiency
(serum ferritin ,15ng/ml) in different categories of con-
traceptive use, blood donation and pregnancy. Higher
prevalences were found for women who use a non-hor-
monal intra-uterine device, who gave blood within the past
year and who were pregnant within the past year (the latter
not significant) compared with their counterparts.
Discussion
In order to investigate possible determinants of Fe status
in young adult women, a good biomarker of Fe status
must be chosen. Different laboratory measurements are
available; however, no single method or combination of
methods is suitable for all purposes. In the present study
serum ferritin was used as a marker for Fe stores and sTfR
as an indicator of tissue Fe deficiency. A limitation of
serum ferritin is that it is elevated in response to infection
or inflammation(1,7,18). As CRP is a good marker of
inflammation and to eliminate an influence on serum
ferritin, participants with CRP values .3 mg/l (n 8) were
excluded from the analyses. Also, women with elevated
Table 2 Median ferritin (ng/ml) and sTfR (mg/l) in each category of education, smoking habit, contraceptive use,
physical activity, blood donation, pregnancy and iron supplement use: random sample of women aged 18–39 years
from Ghent, Belgium
Ferritin (ng/ml) sTfR (mg/l)
Median P value Median P value
Education 0?185 0?536
Master or bachelor degree 27?7 1?11
Primary or secondary school 23?7 1?10
Current smoker 0?622 0?004
Yes 26?9 1?05
No 26?3 1?12
Contraceptive use 0?006 0?532
Hormonal contraceptive 26?7 1?12
Non-hormonal intra-uterine device 20?1 1?06
Other or no contraceptive use 26?9 1?10
Physical activity 0?467 0?659
Health-enhancing physically active 26?4 1?11
Minimally active 25?8 1?12
Inactive 27?7 1?10
Time since last blood donation 0?000 0?231
,1 year 20?2 1?15
.1 year or non-blood donor 27?1 1?10
Time since last pregnancy 0?009 0?001
,1 year 18?8 1?28
.1 year or never been pregnant 26?7 1?10
Fe-containing supplement use 0?659 0?831
Yes 28?3 1?11
No 25?5 1?11
sTfR, soluble transferrin receptors.
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ferritin values (.200 ng/ml) (n 2) were excluded because
of a possible association with haemochromatosis and/or
the metabolic syndrome, which could confound the
results(19,20). Another weakness of using serum ferritin as
a marker of Fe status is its high day-to-day intra-individual
variability. Four venous serum samples are required in
order to estimate ferritin within 20% of the true value, 95%
of the time(21). For serum sTfR, only one is required(21).
sTfR seems to be less subject to within-person variability
than ferritin. Since only one blood sample was available in
the present study, the use of serum ferritin as a marker for
Fe status could have influenced the results. A disadvantage
of sTfR is its lack of standardization(7).
Another methodological consideration that has to be
made concerns the estimation of food and nutrient
intakes. To assess food and nutrient intakes, a 2 d food
record was used. This method assesses intake over a short
period of time and does not take into account the day-
to-day variability of food consumption. It is thus no
reflection of someone’s ‘usual’ intake(22,23). This will
probably have an impact on the relationship between diet
and Fe status parameters. Relationships in the present
study will likely be underestimated, because there was
only one blood sample to measure serum ferritin and
because there were only 2 d to assess food and nutrient
intakes. More blood samples and more food recording
days would have made the distributions of ferritin values
and food intake values narrower and would thus result in
stronger relationships(24).
Table 3 Results of the general linear models with the non-nutritional determinants and nutrient intakes as independent
variables and the natural logarithm of ferritin (ng/ml) and sTfR (mg/l) respectively as dependent variables: random
sample of women aged 18–39 years from Ghent, Belgium
Ln(ferritin; ng/ml) sTfR (mg/l)
B P value B P value
Age 0?008 0?210 0?002 0?551
BMI 0?030 0?001 0?007 0?071
Education
Master or bachelor degree (ref)
Primary or secondary school 20?091 0?243 20?028 0?454
Current smoker
No (ref)
Yes 0?062 0?442 20?090 0?018
Contraceptive use
Non-hormonal intra-uterine device (ref)
Hormonal contraceptive 0?471 ,0?001 20?002 0?968
Other or no contraceptive use 0?334 0?008 0?033 0?585
Physical activity
Health-enhancing physically active (ref)
Minimally active 20?112 0?180 0?031 0?437
Inactive 20?063 0?450 20?007 0?863
Time since last blood donation
.1 year or non-blood donor (ref)
,1 year 20?503 ,0?001 0?046 0?461
Time since last pregnancy
.1 year or never been pregnant (ref)
,1 year 20?270 0?037 0?150 0?015
Fe-containing supplement use
No (ref)
Yes 0?116 0?372 20?006 0?924
Energy (kcal/d) ,0?001 0?682 ,0?001 0?774
Haem Fe (mg/d) 0?111 0?075 20?035 0?230
Non-haem Fe (mg/d) 20?002 0?894 0?005 0?314
Vitamin C (mg/d) ,0?001 0?594 ,0?001 0?139
Ca (mg/d) ,0?001 0?640 ,0?001 0?159
Alcohol (g/d) 0?007 0?009 20?002 0?170
R2 adjusted 0?086 0?026
sTfR, soluble transferrin receptors; ref, reference category.
Table 4 Results of the general linear models with energy and food
intakes as independent variables and the natural logarithm of fer-
ritin (ng/ml) and sTfR (mg/l) respectively as dependent variables:
random sample of women aged 18–39 years from Ghent, Belgium.
The non-nutritional determinants are not provided as the results
are the same as those found in the previous model
Ln(ferritin; ng/ml) sTfR (mg/l)
B P value B P value
Energy (kcal/d) ,0?001 0?919 ,0?001 0?683
Red wine (g/d) 0?001 0?183 ,0?001 0?364
Coffee (g/d) ,0?001 0?497 ,0?001 0?531
Tea (g/d) ,0?001 0?007 ,0?001 0?088
Milk and milk products (g/d) ,0?001 0?154 ,0?001 0?330
Meat, fish and poultry (g/d) ,0?001 0?701 ,0?001 0?090
R2 adjusted 0?089 0?028
sTfR, soluble transferrin receptors.
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In the present study different nutrients and foods were
included in the model that could have an effect on Fe
status through an influence on Fe absorption. In the
average Western diet, about 90–95 % of dietary Fe is non-
haem Fe. However, up to one-third of totally absorbed
Fe can be haem Fe, since haem Fe is more efficiently
absorbed (25 %) than non-haem Fe (5–15 %)(4,25,26). The
proportion of dietary Fe that is absorbed is not only
dependent on its chemical form, but also of the presence
of enhancers and inhibitors. Therefore, vitamin C, alcohol
and meat, fish and poultry intake (enhancers) and Ca,
red wine, coffee and tea intake (inhibitors) were also
included in the model to identify the determinants of
Fe status(4,26–28).
Univariate analyses, not correcting for possible con-
founders, showed significant associations between serum
ferritin and contraceptive use, time since last blood
donation, time since last pregnancy, age and BMI as
non-nutritional determinants and haem Fe, alcohol and
coffee intake as nutritional determinants. After adjusting
for confounders, contraceptive use, time since last blood
donation, time since last pregnancy, BMI and alcohol
intake remained significantly associated, and tea intake
became significantly associated. However, the association
found between serum ferritin and alcohol and tea intake
should be taken with caution, because of the high pro-
portion of women who did not drink alcohol (45 %) or
tea (64 %) during the two recording days. For sTfR, uni-
variate analyses, not correcting for possible confounders,
showed significant associations with smoking habit, time
since last pregnancy, BMI, Ca, alcohol and coffee intake.
After adjusting for confounders, smoking habit and time
since last pregnancy remained significantly associated.
BMI was no longer significantly associated in the ‘nutrient
model’ and borderline significantly associated in the ‘food
model’. No nutritional determinants were identified.
The association between serum ferritin and contra-
ceptive use and the higher prevalence of women who
used a non-hormonal intra-uterine device is probably
related to the amount of blood loss. The use of non-
hormonal intra-uterine devices induces high menstrual
blood loss(29–31). Hormonal contraceptives (including oral
contraceptives and hormonal intra-uterine devices) have
been demonstrated to decrease menstrual bleeding(32–34).
Also related to blood loss are the lower ferritin values
and higher Fe deficiency prevalence found in women
who gave blood within the past year.
It is thought that the risk of Fe deficiency is low in
the postpartum period, since Fe status is expected to
improve after delivery (contraction of the expanded red
cell mass, decline of maternal Fe requirements, decrease
of Fe losses by postpartum amenorrhoea)(35). However, it
seems that postpartum Fe deficiency is far more common.
Potential risk factors include e.g. complications associated
with high blood losses, lack of prenatal Fe supple-
mentation, delivering of multiple fetuses, not exclusively
breast-feeding or short duration of breast-feeding(35). This
is in line with the results of the present study, since
women who had been pregnant during the past year had
lower ferritin values and higher sTfR values than their
counterparts. Moreover, the prevalence of women with
Fe deficiency was higher (however not significant) in
women who were pregnant during the past year.
Comparisons between the present study and studies in
the literature need to be interpreted with caution because
of different study designs, methodologies and populations.
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Fig. 1 Prevalence of iron deficiency (serum ferritin ,15 ng/ml) in different categories of contraceptive use, blood donation
and pregnancy: random sample of women aged 18–39 years from Ghent, Belgium. Differences between categories assessed
using the x2 test
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In the literature there is no consistency concerning the
determinants of serum ferritin concentrations. A study in
2200 British women (aged 35–69 years) demonstrated a
positive association between ferritin and intakes of haem
Fe, red and white meat, vitamin C and alcohol, age and
BMI. Negative associations were found for energy and
blood donation. No associations were found for intakes
of total Fe, non-haem Fe, Ca and fish and for smoking
habit and Fe supplement use(36). In the SU.VI.MAX study
in France in more than 3000 women (aged 35–60 years),
Ca intake, dairy product intake and the use of an intra-
uterine device were negatively associated and oral con-
traception, total dietary Fe, meat and fish intake were
positively associated with serum ferritin concentrations.
No significant associations were found for haem Fe,
vitamin C, coffee and tea intake(37). Another study in 1108
subjects between 6 months and 97 years old, in the Paris
area, showed (after adjustment for age, sex and inflam-
mation) significant positive associations of serum ferritin
with haem Fe and non-haem Fe intake and negative
associations with Ca intake. Coffee, tea or vitamin C
intake was not significantly associated(38). In 222 Dutch
adult women (aged 20–79 years), regression analyses
showed positive associations between serum ferritin and
age, haem Fe, meat, wine and alcohol intake and negative
associations with energy intake and blood donation(39). In
125 rural Mexican women (aged 16–44 years), time since
birth of the last child, ascorbic acid intake and non-haem
Fe intake (but not haem Fe intake) were positive deter-
minants of serum ferritin. BMI and age were not signif-
icantly associated(40). Raya et al.(41) investigated biological
variation factors of sTfR in 409 women (aged 3–91 years)
and found significant associations for age and for tobacco
use in females #20 years old and physical activity in
females .20 years old.
The general linear models in the present study showed
low values for adjusted R2, indicating that the variables in
the model do not explain much of the variance in serum
ferritin and sTfR respectively and that perhaps other
variables are important or associations are under-
estimated. Another determinant of serum ferritin that
could not be investigated in the present study is men-
strual blood loss. According to Harvey et al.(42), who
investigated the impact of menstrual blood loss and diet
on Fe status among women in the UK, the amount of
menstrual blood loss seemed to be the most important
predictor of Fe stores.
To conclude, the present study indicates that contra-
ceptive use, time since last blood donation, time since last
pregnancy, BMI, alcohol and tea intake are determinants
of Fe stores, whereas smoking habit and time since last
pregnancy are determinants of tissue Fe needs. Since also
higher prevalences of Fe deficiency were found in
women who used a non-hormonal intra-uterine device,
who gave blood within the past year and who were
pregnant within the past year, special attention should be
given to these women when developing strategies to
improve Fe status.
Acknowledgements
The study was financially supported by the Belgian
National Fund for Scientific Research – Flemish Division
(Fund No. G.0152.01). There are no conflicts of interest.
I.P. assisted in designing the study, coordinated the field
work of the project, analysed and interpreted the data,
and wrote the initial draft of the manuscript. D.D.B. gave
statistical advice and assisted in the interpretation of the
data and preparation of the manuscript. C.M. and S.D.H.
designed the study and assisted in the field work, inter-
pretation of the data and preparing of the manuscript.
D.J., T.M. and G.D.B. assisted in designing the study,
interpretation of the data and preparing the manuscript.
The authors wish to thank the dietitians, Mrs M. Bellemans
and Mrs M. De Maeyer, for their contribution to the field
work and data input.
References
1. Food and Agriculture Organization of the United Nations/
World Health Organization (2002) Human Vitamin and
Mineral Requirements. Report of a Joint FAO/WHO Expert
Consultation in Bangkok, Thailand. Rome: FAO.
2. Pynaert I, Delanghe J, Temmerman M & De Henauw S
(2007) Iron intake in relation to the diet and the iron status
of young adult women. Ann Nutr Metab 51, 172–181.
3. Fleming R (2005) Advances in understanding the molecular
basis for the regulation of dietary iron absorption. Curr
Opin Gastroenterol 21, 201–206.
4. Heath A & Fairweather-Tait S (2002) Clinical implications of
changes in the modern diet: iron intake, absorption and
status. Best Pract Res Clin Haematol 15, 225–241.
5. Beard J, Dawson H & Pinero D (1996) Iron metabolism: a
comprehensive review. Nutr Rev 54, 295–317.
6. World Health Organization & Centers for Disease Control
and Prevention (2005) Assessing the Iron Status of
Populations. Report of a Joint World Health Organiza-
tion/Centers for Disease Control and Prevention Technical
Consultation on the Assessment of Iron Status at the
Population Level, Geneva, Switzerland, 6–8 April 2004.
Geneva: WHO.
7. Cook J (2005) Diagnosis and management of iron-deficiency
anaemia. Best Pract Res Clin Haematol 18, 319–332.
8. Matthys C, Pynaert I, Roe M, Fairweather-Tait S, Heath A &
De Henauw S (2004) Validity and reproducibility of a com-
puterised tool for assessing the iron, calcium and vitamin C
intake of Belgian women. Eur J Clin Nutr 58, 1297–1305.
9. World Health Organization (1995) Physical Status: The Use
and Interpretation of Anthropometry. WHO Technical
Report Series no. 854. Geneva: WHO.
10. IPAQ (2002) International Physical Activity Questionnaire.
http://www.ipaq.ki.se/index.htm (accessed December
2008).
11. Hoge Gezondheidsraad (1997) Maten en gewichten:
handleiding voor gestandaardiseerde kwantificering van
voedingsmiddelen in Belgie¨. Brussels: Ministerie voor
Sociale Zaken, Volksgezondheid en Leefmilieu.
12. NEVO (1996) NEVO tabel: Nederlands voedingsstoffenbe-
stand. Zeist: NEVO.
Determinants of Fe status parameters 1781
13. NEVO (2001) NEVO tabel: Nederlands voedingsstoffenbe-
stand. Zeist: NEVO.
14. NUBEL (1995) Belgische voedingsmiddelentabel, 2nd ed.
Brussels: Ministerie van Volksgezondheid.
15. NUBEL (1999) Belgische voedingsmiddelentabel, 3rd ed.
Brussels: Ministerie van Volksgezondheid.
16. Holland B, Welch AA, Unwin ID, Buss DH, Paul AA &
Southgate DAT (1991) McCance and Widdowson’s The
Composition of Foods, 5th revised and extended ed.
Cambridge: Royal Society of Chemistry.
17. Monsen E, Hallberg L, Layrisse M, Hegsted D, Cook J, Mertz
W & Finch CA (1978) Estimation of available dietary iron.
Am J Clin Nutr 31, 134–141.
18. World Health Organization/UNICEF/United Nations Univer-
sity (2001) Iron Deficiency Anaemia: Assessment, Prevention
and Control. A Guide for Programme Managers. WHO/NHD/
01.3. Geneva: WHO.
19. Jehn M, Clark J & Guallar E (2004) Serum ferritin and risk of
the metabolic syndrome in US adults. Diabetes Care 27,
2422–2428.
20. Wrede C, Buettner R, Bollheimer L, Scholmerich J, Palitzsch
K & Hellerbrand C (2006) Association between serum
ferritin and the insulin resistance syndrome in a represen-
tative population. Eur J Endocrinol 154, 333–340.
21. Cooper M & Zlotkin S (1996) Day-to-day variation of
transferrin receptor and ferritin in healthy men and
women. Am J Clin Nutr 64, 738–742.
22. Basiotis P, Welsh S, Cronin F, Kelsay J & Mertz W (1987)
Number of days of food intake records required to estimate
individual and group nutrient intakes with defined
confidence. J Nutr 117, 1638–1641.
23. Nelson M, Black A, Morris J & Cole T (1989) Between- and
within-subject variation in nutrient intake from infancy to
old age: estimating the number of days required to rank
dietary intakes with desired precision. Am J Clin Nutr 50,
155–167.
24. Willett W (1998) Nutritional Epidemiology, 2nd ed. New
York: Oxford University Press.
25. Expert Group on Vitamins and Minerals (2002) Review of
Iron – Revised Version. EVM/00/12. London: Food Stan-
dards Agency.
26. Lynch S (1997) Interaction of iron with other nutrients. Nutr
Rev 55, 102–110.
27. Cook J & Reddy M (2001) Effect of ascorbic acid intake on
nonheme-iron absorption from a complete diet. Am J Clin
Nutr 73, 93–98.
28. Hunt J (2001) How important is dietary iron bioavailability?
Am J Clin Nutr 73, 3–4.
29. El Badrawi H & Hafez E (1980) IUD-induced uterine
bleeding. Contracept Deliv Syst 1, 303–318.
30. Guillebaud J, Bonnar J, Morehead J & Matthews A (1976)
Menstrual blood-loss with intrauterine devices. Lancet 1,
387–390.
31. Guillebaud J, Barnett M & Gordon Y (1979) Plasma ferritin
levels as an index of iron deficiency in women using
intrauterine devices. Br J Obstet Gynaecol 86, 51–55.
32. Backman T (2004) Benefit–risk assessment of the levonor-
gestrel intrauterine system in contraception. Drug Saf 27,
1185–1204.
33. Callard G, Litofsky F & DeMerre L (1966) Menstruation in
women with normal or artificially controlled cycles. Fertil
Steril 17, 684–688.
34. Rybo G, Andersson K & Odlind V (1993) Hormonal
intrauterine devices. Ann Med 25, 143–147.
35. Bodnar L, Cogswell M & McDonald T (2005) Have we
forgotten the significance of postpartum iron deficiency?
Am J Obstet Gynecol 193, 36–44.
36. Cade J, Moreton J, O’Hara B, Greenwood D, Moor J,
Burley V, Kukalizch K, Bishop DT & Worwood M (2005)
Diet and genetic factors associated with iron status in
middle-aged women. Am J Clin Nutr 82, 813–820.
37. Galan P, Yoon H, Preziosi P et al. (1998) Determining
factors in the iron status of adult women in the SU.VI.MAX
study. SUpplementation en VItamines et Mineraux Anti-
oXydants. Eur J Clin Nutr 52, 383–388.
38. Preziosi P, Hercberg S, Galan P, Devanlay M, Cherouvrier F
& Dupin H (1994) Iron status of a healthy French
population: factors determining biochemical markers.
Ann Nutr Metab 38, 192–202.
39. Brussaard J, Brants H, Bouman M & Lowik M (1997) Iron
intake and iron status among adults in the Netherlands.
Eur J Clin Nutr 51, Suppl. 3, S51–S58.
40. Backstrand J, Allen L, Black A, de Mata M & Pelto G (2002)
Diet and iron status of nonpregnant women in rural Central
Mexico. J Nutr 131, 581S–589S.
41. Raya G, Henny J, Steinmetz J, Herbeth B & Siest G (2001)
Soluble transferrin receptor (sTfR): biological variations
and reference limits. Clin Chem Lab Med 39, 1162–1168.
42. Harvey LJ, Armah CN, Dainty JR, Foxall RJ, John Lewis D,
Langford NJ & Fairweather-Tait SJ (2005) Impact of
menstrual blood loss and diet on iron deficiency among
women in the UK. Br J Nutr 94, 557–564.
1782 I Pynaert et al.
